During recent years there has been a revival of the interest in oxygen saturation in the umbilical blood; this work was started in the 1930's by Haselhorst and Stromberger (1931) and several papers have been published by different groups (Walker and Turnbull, 1953; MacKinney, Ehrlich, Goldberg and Cantwell, 1955; Sjostedt, 1955, 1957; Bancroft-Livingston and Neill, 1957; Tumbull and Baird, 1957) . It should be remembered, however, that measurements of oxygen saturation mainly give an indication of the amount of oxygen present in the blood. For a more complete picture of the oxygenation it is also necessary to know the oxygen tension (PO2) since that is the force by which oxygen is pressed from the vessels into the tissues and because the physiological effect of the oxygen depends solely on its P02* As oxygen in foetal circulation is obtained from maternal blood in the intervillous space of the placenta, a comparison between the levels of P02 in the intervillous space and in the umbilical vessels will indicate the diffusion pressure drop of the oxygen between the maternal and foetal circulation in the placenta.
Material and Methods
The cord blood was investigated in 178 cases after spontaneous delivery in vertex presentation. One hundred and twenty-eight of the infants were normal without any signs of asphyxia; 30 infants had signs of mild asphyxia, usually with slow or irregular heart beats. Nineteen infants had meconium stained amniotic fluid without any other signs of asphyxia.
During labour the mothers were given 'trilene' or nitrous oxide and in some cases a few drops of chloroform at the moment of delivery.
The cord was clamped immediately after birth and blood was drawn from the vein and the arteries into heparinized syringes. The analyses of the blood were started immediately.
The blood in the intervillous space was investigated in 25 cases of normal pregnancy. The placenta was punctured through the abdominal wall before labour had started. Only local anaesthesia was used and no complications occurred. Before puncture the placenta was localized as carefully as possible by palpation and auscultation (Norman, 1953) or sometimes by radiographs. The puncture was always made below the umbilicus on the side of the legs of the foetus. When the placenta was punctured, it was an easy matter to get 10-20 ml. of maternal blood into a heparinized syringe; if the uterine wall only was punctured the outcome was a few millilitres of blood obtained with difficulty. Punctures of the human placenta have also been made by Walker and Turnbull (1959) and Prystowsky (1959) .
The pO2 was measured polarographically with the Clark electrode as described by us (Rooth, Sjostedt and Caligara, 1959) . Within the range of pO2 observed here, the error of the analyses should be less than ± 1 mm. Hg.
Great care was taken in order to obtain as reliable information as possible about the time of gestation. Most of the mothers were under observation by the staff during pregnancy and any case in which the duration of pregnancy was doubtful was rejected from the investigation.
Results
The P02 values from the vein are given in Fig. 1 and from the arteries in Fig. 2 Figs. 1 and 2 also give the P02 values for the asphyxiated infants and infants with meconium stained amniotic fluid. The mean P02 in the vein of the asphyxiated infants is 27-0 and in the arteries 16x0 mm. Hg. The mean P02 in the vein of the infants with meconium stained amniotic fluid is 29p2 and in the arteries 15-6 mm. Hg.
In Table 1 differences between the different weeks are small and irregular in the whole group as well as in the primigravidae ( Table 2) . The results of the analyses of the intervillous blood are shown in Fig. 3 . The mean P02 is 39 9 mm. Hg with the range 27-5 to 53-7 mm. Hg.
Discussion
The figures available in the literature on the P02 of the cord blood are summarized in Table 3 . Direct measurements have been made by Beer, Bartels and Raczkowski (1955), Wulf (1958) and Sjostedt, Rooth and Caligara (1960 -L---, Just as was found in our study on the oxygen saturation in the cord blood (Rooth and Sjostedt, 1955) , the group labelled 'asphyxiated' contains some cases with normal and others with lowered P02. This is explained by the fact that most of our cases of asphyxia only manifested themselves temporarily in the form of foetal bradycardia before birth.
In comparing the values between the normal and the asphyxiated cases it can be seen that the differences are much smaller for the P02 than they are for the oxygen saturation. This is because of the shape of the oxygen dissociation curve. In measurements of adult arterial blood the oxygen saturation may vary from between 92 to 96%, whereas at the same time the P02 changes from 70 to 95 mm. Hg. This is because the values lie in the horizontal range of the oxygen dissociation (Barron, 1959) . Most obstetricians associate the presence of meconium staining of the amniotic fluid with intrauterine hypoxia. The present series substantiates this in so far as the P02 in the cord blood is low more often in the meconium group than in the normal. According to Walker and Turnbull (1953) advancing gestation time especially after 40 weeks causes a decrease in the oxygen saturation in the cord blood. These results have been confirmed by MacKay (1957) , whereas no such change has been observed by MacKinney et al. (1955) , BancroftLivingston and Neill (1957) or Rooth and Sjbstedt (1957) . Recently Tumbull and Baird (1957) and Walker and Turnbull (1959) have stated that this decrease only occurs in primigravidae.
In his series Wulf had nine cases of prolonged pregnancy and found the average P02 in the vein to be 13 3 and in the arteries 9 4 mm. Hg. Since not less than five of these infants were asphyxiated at birth and needed artificial respiration it cannot be concluded from Wulf's data that prolonged pregnancy per se decreases the P02 of the cord blood. In our series of 113 normal infants 45 cases have a gestation time of 41 weeks or more and, as shown in Tables 1 and 2 , the P02 in the umbilical vein and arteries is about the same from the 38th to the 43rd week of pregnancy. The same is valid for primigravidae. Thus it is not possible to demonstrate any physiological change in the PO2 in the umbilical blood immediately before, during or after term.
Nearly all authors have found the arteriovenous difference to be 10-13 mm. Hg (Table 1) . Only Wulf has a bigger difference, 16 mm. Hg.
No direct measurement of the intervillous P02 has been published, but our mean value, 40 mm. Hg, may be compared to that of Prystowsky (1957) . Prystowsky measured the oxygen saturation and estimated the P02 from an oxygen dissociation curve without giving any measurements of pH. In eight cases he had a mean of 37 5 mm. Hg with the range 24-0-72-0 mm. Hg. Walker and Turnbull (1959) also measured the oxygen saturation in the intervillous blood and estimated the P02 to be 36-40 mm. Hg. Beer et al. (1955) calculated the intervillous P02 as 30p2 mm. Hg, basing their figures on their measurements of the cord blood and data on the maternal arterial blood. As their cord blood figures were much lower than ours, as already discussed, it is not surprising to find their figure for the intervillous blood lower than ours.
It seems therefore that the normal foetus gets its oxygen supply from the maternal side of the placenta at a tension of about 40 mm. Hg. It is not yet known whether the observed scatter of ± 13 mm. Hg is due to individual variations in the mother or to fortuitous sampling near or distal to the arterial blood entering the intervillous space.
Given the data on the P02 of the intervillous blood, umbilical vein and umbilical artery blood it is possible to calculate the mean drop in oxygen pressure between the maternal and foetal circulation, which is defined as the pressure drop between-the intervillous space and the mean between the umbilical artery and umbilical vein. We thus find a value of 16 mm. Hg. It should be remembered that in no instance have we measured the individual pressure drop and the figure given here is one based on average normal intervillous blood and average normal foetal blood. Prystowsky (1957) , obtaining the cord blood one minute after obtaining the intervillous samples, has been able in three cases to estimate the pressure drop from measurements of the oxygen saturation and found 17-7, 18-3 and 20-4 mm. Hg, i.e. figures of the same order as in our measurements. When the mothers were given oxygen, Prystowsky (1959) Summary The oxygen tension in the umbilical vein at the time of delivery in normal cases ranges from 6 to 46 mm. Hg with a mean of 29-3 mm. Hg. In the umbilical arteries the range is from 6 to 32 mm. Hg with a mean of 18-3 mm. Hg.
The mean values in a group of slightly asphyxiated infants in both arteries and vein is a few mm. Hg lower.
The mean value in the umbilical vein is the same in the normal group as in a group of infants with meconium stained amniotic fluid, but the mean value in the arteries in this group is about the same as in the asphyxiated group.
In the intervillous space the mean PO2 in 25 cases is 39 9 mm. Hg.
